, either trapped during an expedition in Mongolia near 47 °N and 105,5 °E in June 1995 (WILD) or obtained from a laboratory strain bred in captivity since 1935 (LAB), revealed significant morphological and behavioural differences, which are likely a result of domestication in the laboratory strain. Mean body length (125.4 mm), tail length (95.5 mm) and body weight (53.6 g) was lower in WILD, although no other external characteristics were obviously different. Related allometrically to net carcass weight, organ weights were significantly lower (p < 0.01) in LAB (brain -17.6%, eyes -26.0%, heart -22.3%, lungs -43.3%). Seizures frequently seen in LAB were absent in WILD trapped (n = 167) or subsequently housed in Germany (n = 81), and rare in their offspring. Mean litter size was greater in LAB (n = 5.5) than in WILD bred in the laboratory (n = 4.4). The WILD breeding strain was named Ugoe:MU95. A genetic bottleneck (n = 9) that occurred in 1954 and remarkably smaller brains in LAB indicate that the laboratory strain has become domesticated and should be designated as "Laboratory gerbils" (M. unguiculatus forma domestica) to signify this new case of domestication among rodents.
INTRODUCTION
Mongolian gerbils, Meriones unguiculatus (MilneEdwards, 1867) inhabit steppe and semiarid zones of central Asia (GULOTTA 1971; MALLON 1985) and can be found on light sandy soils, near rivers and railway embankments or close to nomadic camps and agriculture grounds (NAUMOV & LOBACHEV 1975; WEINER & GÓRECKI 1981 , 1982 PAVLINOV et al. 1990 ). Their subterranean nesting burrows consist of simple interconnected tunnels with five to twenty entrances and house age-structured families of up to 17 males and females (ÅGREN et al. 1989) . Adjoining families (up to 25) can build larger colonies. Sporadic activity during daytime increases around and after dusk and is modulated by temperature (SURJOSUKOTJO et al. 1999 ). In the wild, Mongolian gerbils feed mainly on seeds and green parts of wild and agriculture plants (NAUMOV & LOBACHEV 1975) . This rodent species adapts to a wide range of environmental conditions (JANSEN 1968) and is easy to maintain and breed under human care (ROBINSON 1975; STUERMER 2003) . In recent decades, Mongolian gerbils have become popular as pets and laboratory animals, especially in audiology (KRAUS et al. 1987; STUERMER & SCHEICH 2000) and learning research (OHL et al. 1999 ). brain size, morphology, reproduction, and behaviour between our laboratory strain and data extracted from the rare literature on wild Mongolian gerbils. Mean brain weight in our laboratory colony (i.e., 1.0 g to 1.1 g) corresponded to data published for the laboratory strain (KRAMER 1964; WILKINSON 1986; CABANA et al. 1990; RÜBSAMEN et al. 1994 ), but differed from the brain weights reported (i.e., 1.2 g and 1.3 g) for two wild specimens of the same species preserved in formalin (SCHOBER & BAUER 1967) . Whereas our colony and other laboratory strains showed melanism, albinism (ROBINSON 1973) , and susceptibility to epileptiform seizures (KAPLAN & MIEZEJESKI 1972) , such characteristics were never reported for Mongolian gerbils observed in the wild (DAVID 1867; FORMOZOW 1931; CHUGUNOV 1962; GROMOV & POPOV 1979; ÅGREN et al. 1989) . Some aspects in the laboratory strain that were measured repeatedly by various authors, e.g., reproduction, are biased by the year of data collection:
Mongolian gerbils that are kept nowadays in laboratories descend from a small group of 20 wild pairs that were caught by C. KASUGA in the basin of the river Amur in 1935 and sent to the Kitasato Institute in Japan (RICH 1968) . Offspring from these pairs were transferred to the care of M. NOMURA at the Central Laboratories for Experimental Animals in Japan in 1949, who sent some specimens to Tumblebrook Farm Ltd., Brant Lake, New York in 1954 (SCHWENTKER 1963, see Fig. 1 ). Out of these 11 pairs, 5 females and 4 males were induced to breed, from which a closed commercial colony has been maintained (ROBINSON 1989) . Offspring have been shipped world-wide for scientific purposes, and nearly all Mongolian gerbils bred in western laboratories today can be regarded as descendants of those 9 genetically isolated specimens (D. G. ROBINSON Jr., pers. comm. 1996) . Investigations of auditory cortex activity (STUERMER & SCHEICH 1994 ) drew our attention to differences in mean litter size significantly increased by 20-30% over the last 40 years (see Results, Fig. 4) . Most mammalian species that have been genetically isolated from the wild type and bred for several generations under human control selecting for specific attributes have become domesticated, e.g., wolves (Canis lupus), cats (Felis silvestris), and rats (Rattus norvegicus; for review see MASON 1984; HERRE & RÖHRS 1990) . Intraspecific comparisons between the wild type and domesticated strains adapted to captivity in various mammalian species revealed smaller brains (KRUSKA 1980) , docility, nonagouti pelage-colours (COTTLE & PRICE 1987; TRUT 1999 ) and increased litter sizes (CLARK & PRICE 1981; DRICKAMER 1990) in the latter. Corresponding observations in our gerbils led us to hypothesize that the laboratory strain of M. unguiculatus had become domesticated as a consequence of genetic isolation and controlled selective breeding since 1935. Domestication can be established by intraspecific comparison of allometric brain size (RÖHRS & EBINGER 1999) . Unfortunately, morphological data from wild Mongolian gerbils are rare (ALLEN 1940; CHAWORTH-MUSTERS & ELLERMAN 1947) , and weights of fresh brains from wild specimens have not been recorded. Therefore, a scientific expedition headed by the first author was organized in June 1995 (STUERMER et al. 1996 (STUERMER et al. , 1997 to study M. unguiculatus in its natural habitat and to collect morphological data and live animals with sufficient natural genetic diversity for further breeding in captivity. A subsequent intraspecific comparison between wild specimens and Mongolian gerbils from the laboratory strain allowed us to decide whether domestication had occurred in the laboratory strain.
MATERIAL AND METHODS

Origin of wild Mongolian gerbils
Meriones unguiculatus, subsequently referred to as "wild gerbils", were investigated in Mongolia between the 9th and 25th of June 1995 during a scientific expedition organized by the Leibniz Institute for Neurobiology at Magdeburg (Institut für Neurobiologie, IfN) in cooperation with the National University of Mongolia in Ulaanbaatar. To collect a representative sample of the species, wild gerbils were observed and captured in the centre of their natural geographic distribution. Species identity was confirmed through faunistic keys (ALLEN 1940; CHAWORTH-MUSTERS & ELLERMAN 1947; GROMOV et al. 1963; CORBET 1978; SOKOLOV & ORLOV 1980) , crossbreeding (see Results), and identification by an expert in the taxonomy of rodents at the Senckenberg Museum, Frankfurt am Main. Most wild gerbils (n = 163) were trapped about 130 to 150 km southwest of Ulaanbaatar in the upland arid steppe at 1300 m above sea-level and located east of the Changai mountain foothills (see Fig. 1 for detailed locations). The study area was characterized by low precipitation (200-250 mm annually, ANONYMOUS 1990) and high fluctuations of temperature above 30 °C during daytime and below 0 °C at night as observed in June 1995. Vegetation was dominated by needle grass (Stipa sp.) and sagebrush species (Artemisia spp.) and is typically described as shortgrass steppe (BARTHEL 1990) . Four specimens were captured at 47°49′ N and 105°38′ E north of the Tuul Gol (river) on a former campsite of nomadic herdsmen. The specimens were captured in two different types of habitats, both of which had been influenced by former human activity. Russian authors repeatedly reported accumulation of gerbil burrows on crop fields and pasture (for review see NAUMOV & LOBACHEV 1975; PAVLINOV et al. 1990 ). Gerbils of the steppe zone are attracted to light dry soils and seem to avoid virgin soils. For logistical reasons and time considerations, our expedition focussed on areas with a significant density of animals. Traps for wild gerbils were set either on fallowed agriculture fields thinly covered by Artemisia mongolica, A. macrocephala, Plantago depressa, and Pucinella tenuifolia (locations B-S in Fig. 1 ; gerbils trapped: n = 15), or on deserted camp sites of nomads covered with Achnatherum splendens, Urtica cannabina, Hyoscyamus niger, and Chenopodium ssp.
(locations U-Z in Fig. 1 ; gerbils trapped: n = 148). Animals were captured alive mainly in aluminium traps (51 × 64 × 165 mm or 76 × 89 × 229 mm, Shermann Inc., USA), or occasionally in commercial snap traps, which were only set for one day at trapping locations S and X. The usefulness of snap traps was limited by skull damages and the rapid decay of dead animals. Four subadult gerbils (2 males, 2 females) were caught by hand at location U (Fig. 5f, g ). Apparently lured by human activity or vocalization of adult gerbils already captured alive in Sherman traps above ground, four juveniles hesitantly showed their heads at four burrow entrances 3.1, 2.3, 2.6 and 0.9 m apart, which obviously belong to the same subterranean tunnel system. We were able to crawl towards these holes and wait approximately 10 min until the juvenile dared to come out in the hollow of one's hand, which was closed rapidly like trapping a trout. It might be reasonable to assume that this technique could be performed successfully only in juvenile gerbils leaving the parental burrow for the first time in their life.
Origin of the laboratory strain of Mongolian gerbils
Our sample of Mongolian gerbils from the laboratory strain (n = 50) was composed of 28 animals received from 
Group formation
Our expedition to Mongolia collected a total of 167 M. unguiculatus between the 11th and 22nd of June 1995. The sex ratio was male biased (1:1.16 female:male). Whereas 81 wild gerbils of both sexes were taken to Germany alive, 68 specimens (41 males, 27 females) were dissected in the field. The number of dissections performed in Mongolia was not determined by the availability of trapped specimens. Most females were preserved for the breeding program in Germany. To exclude the possible complicating effects of pregnancy and lactation on data sets, intraspecific comparisons were restricted to males. Among males above 20 g net carcass weight (NCW), the standardised protocol (see below) of morphological analysis was applied in 19 wild and 50 laboratory gerbils. The age of the trapped animals was estimated. Wild gerbils were rated as adults if signs of sexual maturity (implantation marks of uterus, prominent testes) were obvious, even in small specimens with low body weights (BW), e.g., female ID 1071 (BW 44.9 g, NCW 24.9 g) or male ID 1166 (BW 45.6 g, NCW 24.2 g). Wild male gerbils with a net carcass weight above 20 g (n = 19) were presumably adult and were included in this study. Identical standards were applied for male laboratory gerbils (n = 50), which were dissected at 16 months (n = 3) or 47-249 days after birth (n = 47, mean 116 ± 46 days).
Protocol of morphological analysis
The morphological analysis of the gerbils was performed by the same scientists and taxidemist both in Germany and Mongolia using identical equipment. Standardized external measurements were taken according to NIETHAMMER & KRAPP (1978) . Body length: combined length of head and trunk from the anterior tip of the nose to the articulation between the sacrum and the 1 st caudal vertebra. Tail length: from the articulation between sacrum and 1 st caudal vertebra to the most posterior part of the skin, hairs were not taken into account. Both lengths were measured with an accuracy of ± 1 mm by pressing the animals slightly against a metal ruler with the tip of the nose positioned to an initial rectangular stop. Left hindfoot: length from the heel to the tip of the most distal toe without considering the claws. Left ear: distance between the most rostroventral point of the inferior, inner part of external ear to the most distal and caudodorsal part of the pinna without taken hairs into account. Hindfoot and ear lengths were measured with an accuracy of ± 0.5 mm. Adult males were dissected in a randomised order within 4 days after capture with the exception of one male (ID 1129) dissected at 11th July 1995 during quarantine. Data were collected on freshly euthanized animals following a standardized protocol.
(1) Each animal was inspected for injuries or abnormalities. Ectoparasites were combed out and preserved in 80% ethanol. (2) Photographs of the animal body (see Fig. 5 ) were taken from dorsal, ventral and both lateral views. (3) Lengths of body, tail, left hindfoot and left ear were recorded. (4) Body weight (BW) was taken, as well as the net carcass weight (NCW), which was calculated as BW minus the weight of the skin, subcutaneous fat and intestines. (5) Weights of the heart, lungs, liver, kidney, suprarenal gland, spleen, eyeballs, the harderian-lachrymal glands complex, subcutaneous fat, innards fat (fat within the abdominal and the retroperitoneal space), coronary fat, stomach (with and without content), testes, epididymis and the seminal vesicle were collected with an accuracy of at least ± 0.01 g using calibrated laboratory balances. Weights of paired organs were combined up from separate measurements of both sides. (6) Linear measurements were taken of the length of the caecum, the whole intestinal tract, the length of the combined from colon and the rectum (accuracy ± 5 mm), the length and diameter of the testes, and the lengths of the uterine crura (accuracy ± 1 mm), which were checked for implantation marks. (7) The dissection was completed with the removal of the brain 15-25 min post-mortem. The spinal cord was bisected between the occipital condyli and the first vertebra. The occipital and parietal bones were carefully removed to allow access to the entire brain. The brain, including the olfactory bulbs, was extracted from the dura mater and immediately weighted with an accuracy of at least 0.01 g. (8) The brain was checked for completeness, and photographs were taken of its dorsal, ventral and both lateral views. It was fixed for 24 hours in AEF (8 parts 80% ethanol, 1 part formol, 1 part acetic acid) and then stored in 80% ethanol. (9) All organs and the stomach contents were kept in 80% ethanol for future analysis. *As an exception, Zoologists in the former Soviet Union (SU) and German Democratic Republic (GDR) occasionally kept a small number of gerbils of various origins, which were trapped during faunistic field work of the Mongolian, SU or GDR Academies of Sciences, e.g. during expeditions in 1962 and 1964 organized by the University of Halle, Germany. The maintenance of most "eastern" colonies was discontinued after the German re-unification in 1990.
In this study, we analysed external linear measurements, body weight, and net carcass weight, as well as the weights of the heart, lungs, eyeballs, and brain from male adults. Along with data from females, all measurements were compiled in a single database (FileMaker Pro 6.0) for future analysis of correlation. Additional results for eyeball weights were obtained from fixed material (80% ethanol) with a greater accuracy of ± 1 mg after removal of the harderianlachrymal glands complex under a stereo-microscope.
Statistical analysis
Intraspecific comparisons between wild and laboratory males were performed either with descriptive statistics (mean and standard deviation) or allometric methods. To check for differences in BW and NCW, normal distribution within each set of data (Kolmogoroff-Smirnoff test, p < 0.05) and equal variance between data sets from wild and laboratory gerbils (Bartlett test, p < 0.05) were tested first. When normal distribution and equal variance were given, differences were tested for significance (p < 0.01) with Student´s t-test. In the allometrical approach, our analysis rests upon the assumption that individual characteristics typically change with body size in a regular, predictable fashion (for review see MARTIN & HARVEY 1985) . NCW as a reference for body size minimizes the effects of fat and intestinal weight. Organ weights were related to NCW, and linear measurements (GELVIN & ALBRECHT 1987 and avoided ratios as a size-adjusting methodology (for review see ALBRECHT & GELVIN 1993) . If the slopes of the two lines did not differ significantly (FTest, p < 0.05), both data sets were computed with the common slope a calculated for optimized fit (REMPE 1962) . The two allometric parallels (main axis) differed only from each other by their intersections b with the yaxis (see Fig. 2 and 3 ). For both groups, the coefficient of correlation r was tested for significance (p < 0.05). In a second step, the b values of wild males were set as 100%.
The amount of organ size reduction in laboratory males was ascertained from the distance between the two b values, and any difference was tested for significance (F-Test, p < 0.05). The amount of cephalization was calculated according to RÖHRS (1985) from the geometrical means of log brain weight and log BW of adult wild gerbils (n = 22) using a = 0.56 as the interspecific allometric exponent and data for wild Norway rats (EBINGER 1971) as reference values. Significance is indicated by asterix (*** = p < 0.001, ** = p < 0.01, * = p < 0.05, n.s. = not significant).
RESULTS
General appearance and linear measurements
Comparing the general morphological appearance of wild and laboratory gerbils, obvious external characteristics to distinguish animals of comparable size from the two strains were absent (see Fig. 6a ), apart from the complete lack of albinism and melanism in wild gerbils and their offspring. Linear measurements of the lengths of body, tail, ear and hindfoot were similar between wild and laboratory males (see Tab. 1). Allometric analyses (see Fig. 2 ) showed significantly (p < 0.001) smaller body lengths (-2.9%) and tail lengths (-5.5%) in laboratory males compared to wild gerbils. Lengths of the outer ear did not differ, and hindfoot lengths were slightly shorter (-1.6%, p < 0.05) in laboratory males. Species-specific ratio of body lengths to tail lengths did not differ significantly between wild gerbils (1.31 ± 0.06) and laboratory gerbils (1.34 ± 0.05).
Body weights (BW) and net carcass weights (NCW)
Mean BW and NCW in dissected males were significantly lower (p < 0.01), and maxima of BW and NCW were lower in wild males than in laboratory males (see Tab. 2). Deposits of fat were noticeable in laboratory gerbils but not in wild males. Coronary fat was absent in most wild gerbils dissected in the field. The means and max- ima of total fat weights (combined from subcutaneous, innards and coronary fat) were lower in wild males (see Tab. 2). Animals caught in the wild and caged in quarantine showed a clear lipothropic phase, e.g., ID 1129 revealed 7.15 g fat deposit after 4 weeks of laboratory diet. Body weight gain during this period was highly variable and slightly higher in males (+13%) than in females (+11%).
Smaller brain and organ weights in laboratory gerbils
Mean and maximal brain weights were higher in male wild gerbils than in male laboratory gerbils (see Tab. 2). When brain weights were related to NCW in an intraspecific allometric analysis, laboratory gerbils revealed highly significantly (p < 0.001) lower brain weights than males trapped in the wild (see Fig.  3a ). Weights of the eyeballs taken during dissection with parts of the ocular muscles and the harderianlachrymal glands complex still attached showed high variability in wild as well as in laboratory gerbils (Tab. 2). After fixation and careful removal of adjacent tissue, allometric calculations showed significantly lower weights of the bulbus oculi (-26.0%, p < 0.001) in laboratory gerbils compared to wild gerbils (see Fig. 3b ). Clear weight differences were found for organs of the cardiovascular system. Mean lung weight was lower in laboratory gerbils, corresponding to 43.3% smaller lung weight in allometric analysis (p < 0.001, see Fig.  3c ). Mean heart weights were comparable in the two groups (see Tab. 2). Related allometrically to NCW, however, heart weights were significantly (p < 0.001) smaller (-22.3%) in laboratory males (see Fig. 3d ).
Behaviour patterns and absence of seizures in wild gerbils
Observation of wild gerbils that were kept under identical conditions as laboratory gerbils showed behavioural differences between both strains. The behavioural pattern of untiringly digging up wood shavings in the corners of the cage as described by ethologists (PETTIJOHN & BARKES 1978; WIEDENMAYER 1995) was common in laboratory gerbils, but rare when wild gerbils were isolated and put in quarantine. Subsequently, wild and laboratory gerbils were kept in the same room, and digging in the corner of the cage became more common in wild gerbils, but was less frequent than in the laboratory strain. During the first weeks in the animal facilities, wild gerbils showed vivid escape reactions. These decreased during the next months, but arousal (see Fig. 5e , 6b) remained on a higher level than in laboratory gerbils.
After one year of captivity, wild gerbils were still less tame. Different persons who were experienced in the daily handling of both strains for several months agreed in their impression that laboratory gerbils, compared to wild gerbils, behaved as if they were tranquilized. Laboratory gerbils never attacked the hand of the animal keeper, whereas biting during handling was rare but did occur from time to time in the wild strain. Epileptiform seizures as a behavioural response to external stimuli, such as a sudden noise or a new cage (see BERTORELLI et al. 1995 for review) were frequently seen in our laboratory gerbils. In contrast, no wild gerbil -whether observed in their natural environment (n > 20) or caged and handled during the expeditionshowed any seizures in June 1995, during quarantine, or the following years. Epileptiform seizures in offspring (n > 1000) of wild gerbils raised in the laboratory was not observed till January 1999. Subsequently, spontaneous seizures during handling occurred occasionally in approximately 1-2% of the 1st, 2nd and 3rd generation of adult wild offspring, and in 5% of adult laboratory gerbils observed.
Successful breeding of wild Mongolian gerbils
Out of the 43 female and 38 male gerbils taken to Germany alive, 74 specimens were paired with mates of similar body weight in an outbred breeding scheme.
No selection for any external or behavioural characteristics, e.g., colour or tameness, was made. With the inclusion of two pregnant females giving birth to 4 and 5 offspring, respectively, from unknown males during our trip back to Germany and in quarantine, a total of 60 specimens could be induced to produce 1371 offspring out of 310 litters (Fig. 6e) . The mean litter size (n = 4.4) in our breeding colony of wild gerbils (denominated as Ugoe:MU95, see Fig. 4 ) was lower than the mean litter size (n = 5.5) in our breeding colony of laboratory gerbils. Mating of laboratory gerbils with wild gerbils offspring on a trial basis gave birth to fertile offspring, which will be subject to morphological analyses in the future.
DISCUSSION
Wild gerbils trapped meet the criteria of Meriones unguiculatus
Species identity in wild gerbils was confirmed by linear measurements and obvious diagnostic characters, e.g., dark claws (see Fig. 6b , c) and characteristic buff colours (DAVID 1867; ALLEN 1940) . The mean body lengths of males corresponded to the values published for wild and laboratory gerbils (see Tab. 1). Whereas the mean body length of wild males collected in 1995 was slightly smaller than that of laboratory males, allometric analysis (see Fig. 2a ) revealed 3% less body length in laboratory males if they were compared to wild males of identical NCW. The mean hindfoot length in wild and laboratory gerbils corresponded to data already published (see Tab. 1). Allometric plots (see Fig. 2d ) suggested smaller hindfoot length in laboratory gerbils, but low correlation in both strains (r ≈ 0.05) undermine this result. Ear lengths related to NCW did not differ (Fig. 2c) and lay within the range of 13-16 mm given by other authors (Tab. 1). The body to tail length ratios (BTR) in wild and laboratory males investigated corresponded to the speciesspecific BTR published for wild and laboratory gerbils (see Tab. 1). Lower BTR (1.10) in laboratory colonies (GULOTTA 1971 , CABANA et al. 1990 ) was apparently calculated from furred tails and could not be used for comparison.
High variability of body weight within laboratory gerbils
Mean BW of the wild males that were collected by us was 11-22% less than mean BW of wild males that had been trapped between June and August by other authors (see Tab. 1a). Lower BW in our sample could be explained by an inferior nutritional status in the middle of June as indicated by the little fat in all gerbils trapped and the rapid increase of fat deposits in specimens receiving laboratory food later on, e.g., ID 1129. Therefore, the average BW of wild males during the Mongolian summer was estimated to be around 50-70 g. Mean BW in laboratory males was either similar (YAHR & KESSLER 1975; CABANA et al. 1990 ), or up to 44% lower (KRAMER 1964; THIESSEN et al. 1968; WILKINSON 1986) , or up to 13% higher (HARRIMAN 1969; MCMANUS & ZURICH 1972) (CHEAL 1986) . These are variables that can be assumed to differ among studies. Although BW was distributed normally in our colony, its high variability among laboratory gerbils was reflected by the wide range of the sample. It is not unexpected that differences between mean BW in wild and laboratory gerbils are related to nutrition and age. The diet in natural habitats of wild gerbils is often diverse, due to seasonal fluctuations and food shortages (NAUMOV & LOBACHEV 1975; PAVLINOV et al. 1990 ), whereas commercial rodent feeds contain all essential ingredients and are available ad libitum throughout the year. Laboratory gerbils in captivity normally live for 2-3 years, and BW in males can reach 120 g and more (KRAMER 1964; MARSTON & CHANG 1965) . In contrast, wild populations trapped in summer are dominated by younger gerbils born in early spring (KRYLOVA 1978) . The number of one-yearolds declines from 60% in June to 20% in September (LEONT´EV 1962) , and it is likely that BW in animals born in 1994 and trapped in June 1995 was affected by the previous winter period ending around April (BARTHEL 1990 ). This estimate is consistent with low BW maxima in specimens trapped in 1995 and the lack of wild gerbils above 85 g (BW) collected by any other scientific expedition to date (see Tab. 1a).
Brain size differences correspond to the domestication hypothesis
Nearly all domesticated mammals possess relatively smaller brains than their wild ancestors (HERRE & RÖHRS 1990) . DARWIN (1868) already calculated 11% smaller brain skull cavities in domestic longear rabbits than expected in wild rabbits (Oryctolagus cuniculus). The species-specific extent of brain size reduction can reach 20-30% in carnivores (RÖHRS 1986; KRUSKA 1996) and ungulates (KRUSKA 1970; EBINGER 1974) , but is relatively low in lagomorpha (-13.0%, FISCHER 1973) and rodents, e.g., in laboratory rats (-8.7%, EBINGER 1971) and guinea pigs, Cavia aperea (-13.4%, EBINGER et al. 1984 For example, populations could be influenced by the loss of genetic variability and reduced viability due to inbreeding as demonstrated in wild and domesticated mammalian species (O'BRIEN et al. 1983; HARTL et al. 1986 ). Laboratory gerbils were subjected to severe population bottlenecks in 1935 and 1954, and genetic drifts may have favoured rapid changes in brain size. This assumption is backed by recent data on low microsatellite variation in laboratory gerbils, which demonstrated that their genetic diversity is below that observed in inbred mouse or rat strains (NEUMANN et al. 2001) . In contrast, wild gerbils showed average high heterozygosity. Furthermore, unintended selection of genetic dispositions for lower brain and body weights could result from initial malnutrition, e.g., the lack of drinking water (SCHWENTKER 1963; MARSTON & CHANG 1965) causing delayed reproduction and lower BW as described for Japanese colonies (NAKAI et al. 1960) . Moreover, the extensive reduction of brain size in laboratory gerbils was determined in reference to data from wild specimens immediately trapped in their natural habitat, whereas smaller changes in laboratory rats and mice were calculated in reference to "wild" rats and mice that had inhabited Europe for centuries as commensals with human populations (NORD 1963) , which could have affected brain size even in "wild mice". In summary, most observations indicate that a 17.6% lower brain weight in laboratory gerbils developed under the influence of a breeding history characterized by few founders, genetic bottlenecks, and artificial selection for attributes advantageous for the laboratory environment. Corresponding circumstances resulted in reduced brain weight in most domesticated mammals (KRUSKA 1987) . Therefore, brain size differences in gerbils are in accordance with our domestication hypothesis.
Indications for selective breeding in laboratory gerbils
Within the laboratory and wild strain of gerbils, the allometric relation of heart weight to NCW (see Fig.  3d ) could be reliably (p < 0.01) described by two regression lines with a common slope, which was slightly higher than in male mice (a heart = 0.90, ZEHNER 1967). The fit of the regression line to lung data ( Fig.  3c ) in wild gerbils is reliable (p < 0.05) but lower than in mice, which could be explained by high genetic variability in wild gerbils (NEUMANN et al. 2001 ) and lower sample size compared to that of NORD (1963) . Besides differences between strains, housing and living conditions could also influence organ size. Allometric comparisons in male mice demonstrated that daily physical training (CLASS 1961) as well as raising 1963). Brain size reduction of 17.6% in laboratory gerbils (see Fig. 3a ) marks the highest value found among rodents investigated so far (see Tab. 3). Most rodents are lissencephalic, and the highest brain size reduction is found in domestic mammals with gyrencephalic cortices. The amount of brain size reduction is greater in the cerebral cortex than in the brainstem (KRUSKA 1980) . Evidence indicates increased cortical architectural diversity (correlated with increased gyrification) in mammals of increasing perceptual-behavioural complexity, regardless of the taxonomic group (WELKER 1990) . It might be reasonable to assume that potential brain weight loss in nongyrencephalic domestic mammals is, therefore, in most rodents limited to 20% by simple geometric reasons (THOMPSON 1917) . It will be of high interest to investigate intraspecific brain weight differences in the Capybara (Hydrochoerus hydrochoerus), a gyrencephalic rodent closely related to the guinea pig and susceptible to domestication, to decide if gyrification in a rodent species is correlated with potential higher brain weight reduction. Additional factors could affect brain size. The influence of different experiences during development on the adult brain weight has already been investigated in rodents. Rats and mice reared in environmentally complex conditions showed higher brain weights than littermates reared under isolated conditions (for review, see WALSH 1981), but the differences were either not significant (KRECH et al. 1960) or small (1.0-2.6% in rats and 5.7% in mice) and not easily detected without careful measurements of very large sample sizes. The observation that experience has only a limited influence on brain size is supported by the observation that an increase of environmental complexity through feralization does not increase brain weights in feral domesticated mammals (RÖHRS & EBINGER 1999) . Undoubtedly, gerbils that grew up in Mongolia did experience a richer environment than those raised under laboratory conditions, but an environment of low complexity for the latter could only be responsible for a minor part, if any, of the brain weight differences. Interspecific comparisons revealed that the amount of brain size reduction in mammals depends on the time course of their domestication (KRUSKA 1987) and the level of cephalization, i.e., the ratio of brain weight to BW (RÖHRS 1985) . EBINGER et al. (1984) hypothesized that a reduction in brain weight is related to the degree of cephalization as observed in mice, rats and guinea pigs (see Tab. 3). This assumption is supported by the finding that both parameters showed higher values for gerbils than for mice and rats, but not for guinea pigs. However, brain weight is more reduced in gerbils than in guinea pigs, leading us to hypothesize that other factors may have influenced brain size in gerbils.
mice in an outdoor enclosure increased heart weights (ZEHNER 1967). Since wild gerbils were subjected to such influences, smaller heart and lung weights in laboratory gerbils may be at least partly due to housing conditions in the animal facility. It might also be reasonable to assume that different heart and lung weights in gerbils had been influenced by selective breeding due to different behaviour. Individuals that are easy to handle are usually bred preferentially during the initial establishment of a new strain, especially for commercial purposes as in Tumblebrook Farm after 1954. If the genetic predisposition for smaller circulatory organs were correlated to tameness, greater fertility, for example, through earlier onset of breeding or by raising a higher percentage of each litter, may have been promoted by reduced aggression. The tendency towards smaller heart and lung weights may, thereby, have been preferentially transmitted in the laboratory strain of gerbils. A long-term breeding experiment with farm foxes (Vulpes vulpes) that were subjected to a strong selection pressure for tameness over 35 generations (TRUT 1999) gave rise, besides docile behaviour in most of the foxes, to additional physical changes, e.g., piebald coat colour and dog-like tails.
Evidence that laboratory gerbils were subjected to selective breeding could also be derived from the significant increase in litter size during the last decades (see Fig. 4 ). In some species, litter size is unaffected during the first several years in captivity, e.g., in pine voles, Microtus savii (CAROLI et al. 2000) and molerats, Heterocephalus glaber (SHERMAN et al. 1999) , but is clearly depressed in recently trapped Cabrera voles, Microtus cabrerae (FERNANDEZ-SALVADOR et al. 2001) , and other rodents. After some generations of laboratory breeding, populations can stabilize, and reproduction parameters could approach those in nature. Interestingly, mean litter size in our colony of wild gerbils (n = 4.4) corresponds to first laboratory records (NAKAI et al. 1960; SCHWENTKER 1963) and some field investigations (PAVLINOV et al. 1990 ), but litter size of female gerbils living in the wild could potentially be higher (NAUMOV & LOBACHEV 1975; GROMOV & ERBAJEVA 1995) . We assume that commercial breeding since 1954 may have favoured females with higher number of pups per litter, thereby increasing the fertility of the laboratory colony in the long term. This hypothesis is in accordance with other intraspecific comparisons between wild and laboratory strains in mice (DRICKAMER 1990 ) and deer mice, Peromyscus maniculatus (FORRESTER 1975) showing higher litter size in the laboratory strains as a result of domestication. (7), ARRINGTON et al. 1973 (8), CHEAL 1983 , GATTERMANN et al. 1986 (10), NORRIS & ADAMS 1981 (11), WEINANDY 1995 or recorded from the IfN colony (1993) (1994) (1995) 13) . If not specified in the reference, reproduction data were dated one year before date of publication. Note increasing litter size in laboratory gerbils during the last decades as indicated by a positive correlation coefficient (r = 0.868, p < 0.01) calculated for reference 1-12, slope a is given in units of n/year. Linear regression was performed and the significance was tested by ANOVA (F-Test, p < 0.01), residual analysis showed lack of autocorrelation (Durbin-Watson coefficient = 2.4). Mean litter of IfN laboratory gerbils (open circle) was located within the 95% confidence interval, which was not the case in wild gerbils (open triangle). rd August. Prominent testicles and the midventral gland or Glandula umbilicalis (DAMBACH 1964) could be seen. Note the stocky physique of the animal and the uniform brownish colour of the back. e. Two wild adult gerbils are checking the surrounding area before they leave their burrow, situated on a campsite of nomadic herdsmen temporarily used for animal keeping. f, g. Juvenile wild gerbils trapped by hand, approximately 17-20 days old. Note the pale colour of the first pelage and the wide extension of the juvenile vibrissae, which might allow to scan the lateral and ventral structures of the burrow as well as the space before and above the animal´s rostrum. rd generation offspring). Note the tendency to obesity in the laboratory male, which is rarely seen in the wild strain. b. Frontal view of an alert adult male wild gerbil (specimen # 4172, 1 st generation, 4 years old). The dark claws, an external characteristic first described by DAVID (1866) is visible. Please note the alert appearance and the wide range covered by the animal's vibrissae. c. A ventral view of specimen # 4172 displays further morphological characteristics, e.g., the Glandula umbilicalis, the partially furry sole of the feet, the still prominent testes, and the wide range of the vibrissae. d. A litter of wild gerbils (specimen # 5786 -5789, 3 rd generation) on postnatal day 12, just around onset of hearing. Eyes are still closed and hairs have grown on most part of the body. Please note the tendency to snuggle up, the well-developed digits, and the short tail. e. A senile wild male (specimen # 1130, BW 58.8 g) in front of a newspaper at 26 th February 2001. The animal was trapped on 15 th June 1995 at location W. Most of the wild males get 4 years or older. Note the lack of obesity and the senile attributes, e.g., white hairs in the tail. The S-shaped tail is not a deformation. The animal is just starting to walk, and the winding movement of the caudal vertebrae, which supports the acceleration of the body, is frozen coincidentally by the flashlight.
Additional differences between wild and laboratory gerbils
Successful breeding of wild gerbils under laboratory conditions allowed us to estimate the influence of previous experience on those born and raised in the wild. Our observation that epileptic seizures were absent in gerbils trapped in the wild but not in their offspring, suggested that early exposure to an enriched environment might prevent seizures during adulthood. Whereas laboratory gerbils tend to experience seizures if exposed to a new situation (SPANGLER et al. 1997) , frequent transfers and stress during the expedition did not initiate any seizure in wild gerbils. Domesticated and wild gerbils were prone to seizures if born in the laboratory. A much lower susceptibility for seizures in the offspring of wild gerbils emphasized the influence of genotypes, as demonstrated by the existence of seizure-sensitive and seizure-resistance laboratory gerbil strains (PAUL & SCHEIBEL 1986) . Hence, seizures often described as a characteristic feature of Mongolian gerbils were restricted to animals raised in the laboratory and are not part of their natural species-specific behaviour.
Because genetic bottlenecks and domestication affect reproduction in other mammals (O'BRIEN et al. 1983; LINCOLN et al. 1990 ), similar changes in laboratory gerbils could be expected, for example, in male reproductive physiology. Raised under identical conditions, offspring (F 1 ) of wild gerbils showed a significantly lower testicular testosterone concentration and reduced rate in spermatogenesis than laboratory males (BLOTTNER et al. 2000) . Diminishing differences in F 2 wild males suggest rapid, adaptive changes in the early generations of wild offspring bred under human care. Furthermore, behavioural patterns related to testicular activity (THIESSEN & YAHR 1977; CLARK & GALEF 2000) should be influenced by highly stimulated testosterone production in laboratory males. Experiments to investigate physiological and morphological changes in future generations of wild gerbil offspring are ongoing. Whether significantly higher brain size in wild gerbils (STUERMER et al. 1997 ) diminishes during the next generations of laboratory breeding or not will contribute to answer the question of how fast brain size can change in mammals (KRUSKA 1987) . Volumetric changes due to domestication normally differs among subdivisions of the brain (EBINGER 1974; KRUSKA 1996) . For example, in the cochlear nucleus of laboratory gerbils, the dorsal part shows a decrease and the anteroventral part shows an increase in size (GLEICH et al. 2000) , and size reduction is greater in the cerebellum as in the forebrain (LEYBOLD 2000) . Reduction in the weight of the eyes exceeds the reduction in brain weight in laboratory gerbils. This could point to a serious reduction of sensory capabilities of individuals of M. unguiculatus, which is a rodent species that was described as visually alert by INGLE (1981).
Intraspecific differences in gerbils conform to criteria of domestication
The morphological, physiological and behavioural differences that were observed in wild and laboratory gerbils, especially the allometrically smaller brain and organ weights, are comparable to differences that were attributed to domestication effects in other mammals (KLATT 1921; RÖHRS 1985) . Regarding the breeding history of the laboratory strain, it is plausible to assume that domestication has caused the intraspecific differences observed in Mongolian gerbils. General definitions of domestication given by HERRE & RÖHRS (1990) and BENECKE (1994) could be applied to the gerbil. They stated that domesticated animals descend from a small number of wild individuals, which were sexually isolated by human beings, adapted to captive conditions, and bred for several generations, often in large populations, to select various attributes useful for human beings. The four principal characteristics for domesticated species that were listed by MASON (1984) as (1) breeding under human control, (2) useful for man, (3) tame, and (4) selected away from the wild type, could also be applied in the case of Mongolian gerbils. The laboratory (domesticated) strain descends from a small number of wild individuals (1935: n = 40, 1954 : n = 9). It has been genetically isolated from the wild population for more than 50 generations since 1935. It has been bred under human control for more than 60 years. Artificial selection has resulted in genetically fixed attributes, such as tameness, reduction in brain and organ size. The domesticated strain has increased in numbers world-wide and is useful for human beings as laboratory rodents and pets. Some previous reports (POWELL 1971; CLARK & GALEF 1981; WEINER & GÓRECKI 1981) suspected that laboratory gerbils would differ from the wild type. The data on wild gerbils presented in this survey indicates that the laboratory strain of M. unguiculatus has, indeed, become domesticated as a consequence of long-term genetic isolation and controlled breeding by man since 1935.
Domesticated gerbils and the problem of subspecies
Species can be defined as groups of animals with the capacity for fertile reproduction within a common gene pool (GRASSÉ 1973) tions that are reproductively isolated from other groups (MAYR & ASHLOCK 1991) . Unfortunately, the fact that the laboratory and wild gerbils were able to produce fertile offspring in our laboratory -although both strains were sexually isolated for more than sixty years -cannot be used to test whether the two gerbil strains belong to the same species or not, because MAYR's definition is valid only for natural populations. However, successful crossbreeding provides, at least, evidence for a very close relationship between wild and laboratory gerbils.
Nevertheless we have to address the question of whether wild and laboratory gerbils possibly descend from different subspecies, or whether changes due to domestication are taxonomically relevant. SATUNIN (1902) and HEPTNER (1949) asserted the existence of subspecies in the western and the northern part of their natural distribution, but the existence of one or two gerbil subspecies was questioned (FORMOZOW 1931; ALLEN 1940; MUSSER & CARLETON 1992) . However, neither the Japanese expedition in 1935 nor our expedition in 1995 collected animals in the areas in which this subspecies were postulated. Finally, we must face the question of whether severe changes in domesticated gerbils leads to a new subspecies developed in the laboratories. Unfortunately, most aspects in the nomenclature of domesticated animals remain unsolved (for review, see CORBET & CLUTTON-BROCK 1984; GROVES 1995) . To use a subspecific term as proposed by BOHLKEN (1958) for domestic strains of other mammals, such as M. unguiculatus laboratorius, is not reasonable, except if field research were able to establish that a wild subspecies of M. unguiculatus distinguishable from the holotype captured 1866 in Northern China (DAVID 1867) was the genetic source for laboratory gerbils. At this moment, this is not quite within the bounds of probability. Therefore, we give preference to a later proposal of BOHLKEN (1961) to identify a domesticated strain by adding forma domestica to the binominal name, e.g., M. unguiculatus f. domestica. In order to draw attention to differences between the domesticated and the wild strain in further scientific publications, we suggest designating all offspring of the genetic bottleneck that occurred 1954 at Tumblebrook Farm as "Laboratory gerbils". In contrast, the term "Mongolian gerbils" should only be used for animals trapped in the wild and their offspring, as long as no new signs of domestication reappear.
